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An electric heating device (34) in which is included an electric energy source (45) which is designed as a thin film battery 
(45). The heating device also includes a resistor heating unit (40) comprising a first material stratum (40) consisting of an electri- 
cally conductive polymer material with PTC properties. The resitor heating unit (40) and the electric energy source (45) are dis- 
posed adjacent one another and form a composite unit in which the major surfaces of said first material stratum (40) and thin 
film battery (45), respectively, face towards one another. Electrodes (41, 43) are connected, by the intermediary of a switch (48), to 
the poles of the battery (45) and to the resistor heating unit (40). 
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ELECTRIC HEATING DEVICE 

The present invention relates to a heating device according to the 
preamble of the independent claim. 

Within many fields of activity, it is desirable to heat different 
5 parts of the body, for example for medical purposes or for reasons of 
comfort. One example is the heating of joints, hands and other parts 
of the body of rheumatism sufferers. Another example is within the 
areas of sports and leisure activities where proposals have been put 
forward for heated gloves, shoe inlays and other items of clothing as 
10 well as sleeping-bags. 

It is also desirable in the art to devise containers which, on 
transport or power failure, maintain an elevated temperature in their 
storage space. Similarly, there are needs for substrates which, on 
15 transport or power failure, maintain an elevated temperature, for 

example to avoid the risk that the temperature falls in accumulators 
or batteries placed on the substrates - which could lead to a reduc- 
tion in the quantity of energy which can be extracted from them. 

20 To cover these needs numerous solutions have been proposed in the art, 
these all being based on electric heating with the aid of various 
resistor heating elements and electric energy sources, normally 
accumulators or dry cell batteries. As examples of this known 
technology, mention might be made of Swedish patent application No. 

25 B402743-2 which describes a glove intended for rheumatics with inlaid 
resistor wires and a current source so as to develop a thermal effect 
exceeding 25 W in the glove. 

In a corresponding manner, Swedish patent application No. 8404783-6 
30 describes a medical undergarment with inlaid resistor heating elements 
and a current source in the form of a battery. Electrically heated 
shoe inlays are described, for instance, in the two German specifica- 
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tions DE-A-3 904 603 and DE-C-4 000 259. These shoe inlays have inlaid 
resistor heating elements which are connectable to a battery or other 
source of electric energy. In both cases, the resistor heating 
elements are in the form of printed conductor paths on a base consist- 
5 ing of plastic or other non-conductive material. In both cases, the 

heating proper is also controlled by means of electric circuit connec- 
tions so as to as avoid overheating. 

As was mentioned above, it is known in the leisure-time sector to make 
10 use of electrically heated sleeping-bags or garments. One example is 
disclosed in US-A-3,443,066 which describes a sleeping-bag or other 
clothing garment of flexible, thermally insulating material with 
inlaid resistor heating wires and batteries for electric power supply. 

15 in automotive engineering, similar ideas have been employed, for 

example to provide heating elements for vehicle seats, an employment 
which necessitates a degree of give in the inlaid resistor heating 
elements. One example of this technique is described in SE-B-434 204 
(7713250-4), in which the give or extensibility has been achieved by 

20 the inlay of meandering loops of resistor heating wires or tapes in a 
layer in the padding material of the seat. 

Yet a further a example of textile material which can be heated 
electrically i s to be found in US-A-4,845,343 in which the resistor 
25 wires have been woven into the fabric structure proper. 

All of these prior art apparatuses and devices for heating larger or 
smaller parts of the body of a patient or general user suffer from 
numerous common drawbacks. One such drawback is that the prior art 

30 resistor heating elements consume considerable quantities of power and 
are, therefore, expensive in operation. Another drawback is that the 
possibilities of regulating the heating effect locally, i.e. within a 
limited part of the body are poor - in other words the user must 
choose between either a heating effect which gives satisfactory 

35 heating of the coldest part of the body which at the same time results 
in overheating of other parts of the body, or a heating effect which 
provides comfortable heating of the major part of the body but in- 
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sufficient heating within certain other parts of the body. A further 
drawback inherent in many of the prior art apparatuses is that they 
require separate accumulators whose capacity is often reduced at low 
temperatures, since they must be carried at relatively unprotected 
5 positions in the wearer's clothing. Moreover, the separate accumu- 
lators must be carried in some type of belt or the like which may 
prove unwieldy. Another drawback is that some type of external 
thermostat is necessary in order to be able to obtain a determined 
average temperature. 

10 

One object of the present invention is, therefore, to realize an 
electric heating device, for example designed as a panel, a laminate, 
a band, a container etc, in which device one or more of the drawbacks 
inherent in prior art technology have been obviated. For example, the 
15 device according to the present invention should be suitable to be 
included in a garment. 

A further object of the present invention is to realize a device, an 
arrangement or an article, for example a garment of clothing, of a 
20 design which entails that the heating effect varies locally in 
response to the local heating requirement. 

Yet a further object of the present invention is to render the heating 
device so thin and flexible that it can be inlaid between two textile 

25 layers in a garment of clothing or the like without the appearence or 
other properties thereof being appreciably altered. Still a further 
object of the present invention is to devise automatic regulation of 
the average temperature without the need of an external thermostat. 
Yet a further object of the present invention is to realize a heating 

30 device which includes an electric power source which cooperates with a 
heating element included in the heating device so as to avoid or 
counteract the eventuality that the available portion of the capacity 
of the power source is reduced as a result of cooling of the energy 
source and, instead, even to increase the available capacity of the 

35 energy source in that heat generated in the immediate proximity of the 
energy source raises the temperature of the energy source. Still a 
further object of the present invention is to realize reflection of 
heat towards the energy source by particular placing of the energy 
source . 
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These and other objects of the present invention will be attained if 
the heating device is designed in accordance with the disclosures in 
the characterizing clause of appended claim 1. 

5 The appended subclaims disclose expedient embodiments of the present 
invention. 

The heating element is to consist of a polymer material with so-called 
PTC properties (Positive Temperature Coefficient), in particular an 
10 electrically conducted thermoplastic material such as conductive, 
butyl inoculated polyethylene. 

The thin film accumulator may advantageously consist of an accumulator 
which is of the lithium type and has a number of mutually stratified 
15 layers, a lithium layer, a polymer electrolyte layer, a vanadinoxide 
composite layer and a conductor layer. 

The electrode material most suitably consists of a conductor material 
which has been united with the heating element by casting, screen 
20 printing, gluing with electrically conductive glue or vacuum coating 
in a suitable pattern so as to make possible electric connection to 
the thin film accumulator. 

The control circuit may be as simple as a conductive path with a 
25 connected switch between the two poles of the accumulator, but is 
preferably a control circuit with circuit elements for sensing and 
controlling the accumulator status and possibly also time limiting for 
activation time. 

30 The expression "garment" is here taken to signify not only clothing 
garments such as gloves, waistcoats and the like, but also shoe 
inlays, sleeping-bags or seat heaters or cushions, for example for 
leisure time activity purposes. 

35 The present invention will now be described in greater detail herein- 
below, with particular reference to the accompanying drawings which 
show embodiments of the present invention. In the accompanying 
drawings : 
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Fig. l shows a section through one embodiment of an assembly 

for use in a heating device according to the present 
invention; 

Fig. 2 shows an example of a garment which is designed 

according to the present invention; 

Fig. 3 schematically illustrates a preferred thin film 

accumulator for use in the present invention; 

Figs. 4a-d show four examples of different methods of uniting 
electrode material and heating foil material; 


Fig. 5 schematically illustrates a first example of how the 

15 heating foil material and thin film accumulator may be 

united; 

Figs. 6a f b schematically illustrate a second example of how the 

heating foil material and thin film accumulator may be 
20 united; 

Figs. 7a f b schematically illustrate a third example of how heating 
foil material and thin film accumulator may be united; 

25 Figs. 8-9 schematically illustrate further examples of heating 

units which may be used in practical application of the 
present invention; and 

Figs. lOa-d schematically illustrate examples of heating units 
30 provided with a heat reflecting layer. 

Fig. 1 schematically shows a section through one embodiment of the 
material (an aggregate consisting of several strata) 33 for use in an 
electric heating device 34 (cf. Figs. 2 and 9) according to the 
35 present invention as described hereinbelow, for example in a garment, 
a container, an underlay blanket for accident victims, and so on. The 
aggregate is formed from, or contains, at least a first stratum 1 
which consists of or includes at least one layer of an electrically 
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conductive polymer with PTC properties. The first stratum lis 
disposed adjacent and, as a rule, connected to a second stratum 2 
included in the aggregate and consisting of a thin film battery 5 or a 
thin film accumulator 5. As is apparent from the embodiment illus- 

5 trated in Fig. 1, the aggregate generally includes protective layers 3 
disposed on either side of the two strata 1, 2 and consisting, for 
example, of plastic material, metal such as metal foil or textile 
material, or of a combination of two or more of these materials. The 
structure of the first, second and third strata 1,2 and 3 will be 

10 described in greater detail hereinbelow. 

Fig. 2 shows one example of an application of the present invention in 
which the device 34 is designed as a heating glove 4 for, for example, 
rheumatics. 

15 

Fig. 3 shows an example of a thin film battery 5 or a thin film accumu- 
lator 5 of a type which is advantageously employed in the practical 
application of the present invention. In the illustrated embodiment of 
the thin film battery 5, there is included a lithium layer 6 acting as 

20 negative pole, a subjacent polymer composite layer 7 acting as electro- 
lyte, a composite layer 8 acting as positive pole and an electric con- 
ductor 9 connected to the composite layer 8. Such a thin film battery 
is not much thicker than normal letter paper, approx. 0,2 mm. The 
composite layer 8 consists of a mixture of the electrolyte and a com- 

25 pound which readily entraps lithium ions (e.g. vanadium oxide). The 
lithium ions pass through the electrolyte to the composite layer 8 
(the positive pole), while the electrons take the outer path from the 
lithium layer 6 (the negative pole) to the composite layer 8, i.e. go 
via an outer load (not shown) and the electric conductor 9. The load 

30 constitutes a resistor heating unit and will be described hereinbelow. 
Both the ions and the electrons are stored in the composite layer 8 
and pass back to the lithium layer 6 when the battery is recharged. 

Thin film batteries of this type may be purchased from various com- 
35 mercial sources, e.g. the Japanese firm Yuasa Battery, the Canadian 

firm Hydro Quebec and the Japanese firm Sharp Corporation. Examples of 
literature in which this type of thin film battery is described is the 
book published by Elsevier Science Publishers B.V. in 1991 entitled 
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"Chemistry and Energy-I", C.A.C. Segueira (editor) which includes on 
pp. 153-162, an article written by Jorgen S. Lundsgaard et al "The 
All-Solid-State Lithium Polymer Electrolyte Battery", and on pp. 
163-175 includes an article written by M.A.G. Martins et al "All-Solid- 
5 State Thin-Film Polymer Electrolyte Batteries". Another example is 
Koksbang et al , "Rechargeabi 1 i ty and Rate Capability of Polymer 
Electrolyte Batteries at Room Temperature", Journal of Power Sources, 
32 (1990) pp. 175-185. 

10 According to the present invention, the aggregate includes a heating 
unit in which is included a polymer material with PTC properties. One 
such particularly suitable material may be obtained from Neste Polymer 
Compounds AB, Sweden under the designation ET-Semicon CT 6422:70 or 
6002:70. These materials are semiconductor thermoplastic materials. 

15 Another material which has been utilized in practical tests and which 
has been obtained from Norells Sweden AB is ET-Semicon CT 8711:70. For 
connecting these electrically conductive polymer materials 10 with PTC 
properties, use is made of, for example, cast electrodes (Fig. 4a) an 
electrode material screen-printed on the polymer layer (Fig. 4b), an 

20 electrode material applied to the polymer layer by a vacuum coating 

method (Fig. 4c), or a partly cast electrode material in the form of a 
lattice (Fig. 4d). It will be obvious to a person skilled in the art 
that other connection techniques are also applicable within the frame- 
work of the present invention. The lattice-formed electrically con- 

25 ductive electrode material in Fig. 4d is, for example, cast on oppos- 
ing sides of the polymer layer or connected to the polymer layer by 
gluing. In Figs. 4a-d, the polymer layer has been given reference 
numeral 10 and the electrode material reference numeral 11. In the 
embodiments illustrated in Figs. 4b and 4c, the electrode material is, 

30 in certain practical applications, connected to the polymer material 
10 by a welding process. 

A thin film battery of the type which is to be preferred in the 
present invention has preferably an average voltage of 2.4 V/polymer 
35 layer. In order to obtain a sufficiently high voltage, a number of 
layers (cf. Figs. 5-7) are generally laminated. In one expedient 
embodiment of the present invention, use is made, for example, of ten 
laminated layers of batteries, in which event a polar voltage of 24 V 
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is obtained. Vacuum technique is employed in one preferred production 
technology for laminating the various thin film accumulators or 
batteries. The different layers are placed on one another, a series 
connection of the different batteries being obtained in that the 

5 positive and negative poles of adjacent batteries are connected to one 
another, whereafter the layer of batteries is compressed and vacuum 
sealed. The sealing material consists, in one preferred embodiment, of 
an aluminium foil whose inside is coated with a layer of an 
electrically insulating material, for example polyethylene based hot- 

10 melt glue. 

Fig. 5 schematically illustrates one embodiment of the present inven- 
tion in which a thin film battery 12 consisting of a plurality of 
strata is formed from ten mutually superposed and interconnected thin 

15 film batteries 5. The composite thin film battery 12 is connected by 
means of a conductor 13 to the one current distributor 11 in the 
electrically conductive polymer material layer 10. The negative pole 
of the composite thin film battery 12 is connected by means of a 
conductor 14 to a charger terminal 15 which, via a switch 17 and a 

20 conductor 18, is connected to a second current distributor 11' in the 
electrically conductive polymer layer 10. Both of the current dis- 
tributors 11 and 11' are located a distance from one another which is 
determined by the electric and thermal properties of the polymer layer 
and by the thermal effect which i s to be emitted by the polymer 

25 disposed between the current distributors. The current distributors 

11,11' and the polymer layer 10 constitute the heating unit 19 of the 
device . 

The charging terminal 15 is, via a conductor 16, connected to the one 
30 current distributor 11. When a charger is connected to the charging 
terminal 15, the positive poles and negative poles of the device are 
thereby coupled to corresponding poles in the thin film battery 12 
consisting of a plurality of layers. 

35 electrically conductive polymer layer 10 is, for example, of the 

ET-Semicon make with commercial designation CT 6002:17. The two 
electrodes or current distributors 11,11', consist, for example, of 
wire-like electric conductors which are cast in the polymer layer or 
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are formed from a metal foil or alternatively synthetic metal foil,, 
e.g. ICP material (Intrinsically Conductive Polymers). The wire-formed 
conductors have, in one preferred embodiment, a diameter of 0.9 mm and 
metal foil thickness of 25 urn. The accumulator 12 consisting of a 

5 plurality of strata is cast in or sealed against the surroundings by 
an electrically insulating, water resistant and water impermeable 
material in applications in which the thin film batteries 5 are sensi- 
tive to moisture. The polymer material layer 10 needs no corresponding 
protection. In this embodiment in which the heating layer 10 and the 

10 thin film accumulator 12 are discrete from one another, the advantage 
will be afforded that the accumulator can be replaced. In that the 
electric connections 13,14,16,18 between the battery and the heating 
unit are conductive, body movements on the part of the wearer will be 
facil itated. 

15 

One major advantage in the employment of an electrically conductive 
material of the PTC type is that the heating effect can be locally 
regulated, i.e. colder positions emit more heat than warmer positions. 
This regulation is automatic as a result of the PTC properties of the 
20 material . 

Figs. 6a and 6b show yet a further embodiment. In this case, the 
electrically conductive polymer layer 20 with PTC properties included 
in the heating unit 19 by screen printing has been provided with a 

25 first batch of electrodes 21 and a second batch of electrodes 22. The 
two electrode batches are disposed such that the electrodes are in 
spaced apart relationship from one another. The first batch of elec- 
trodes 21 has a projecting contact element 23 and the second batch of 
electrodes 22 has a projecting contact element 24. The heating unit 19 

30 is glued with an electrically insulating glue against the positive 
pole layer 25 of a thin film battery 26 composed of a plurality of 
thin film batteries 5. As electrically insulating glue for this 
purpose, use may be made of ABLEBOND 958-11 from Sikema AB. For con- 
necting and disconnecting the unit, there is a switch 27 which, with 

35 conductors 28,29, is connected to the terminal 23 and negative 

connection 30, respectively, of the composite thin film battery 26. 
The positive connection 25 is, by the intermediary of a contact 
element 35 projecting from the battery 26, electrically connected to 
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the contact element 24 of the second batch. For recharging, there is a 
recharge terminal 31 with associated conductors 32,38. 

As an alternative to the electrically insulating glue employed in 

5 Figs. 6a and 6b use is made, in certain applications, of a generally 
thin electrically insulating film of plastic material, for example 
polyethylene or the like, which is fixed, e.g. fused to the surface of 
the electrically conductive polymer layer 20 turned to face towards 
the heating unit 19. As a rule, the film of plastic material covers 

10 the entire major surface of the polymer layer 20. In the embodiments 
in which the composite battery 26 needs protection against moisture 
(water vapour or water) the film fixed to the heating unit 19 is 
generally bonded (e.g. welded or glued) with the protective material 
which surrounds other parts of the composite battery 26. Hereby, the 

15 polymer portion forms a part of the protective sealing of the battery, 
at the same time as the thermal generation of the polymer increases 
the usable proportion of the energy power content of the battery. In 
addition, this embodiment makes it possible that the thermal generat- 
ing portion of the heating device can be placed in the immediate 

20 vicinity of that body or that space which is to be heated. 

A major advantage inherent in this embodiment is that the aggregate 33 
formed from the heating unit 19 and the thin film battery 26 is suit- 
able for mass production in running series for later cutting into 
25 units. After the cutting operation, the cut part is generally enclosed 
in an electrically insulating casing which also protects against water 
and water vapour. 

Figs. 7a and 7b show yet a further embodiment of a heating device 34 
30 in which is included the heating unit 19 formed by the electrically 
conductive polymer layer 40 and a number of mutually adjacent thin 
film batteries 5 forming a composite thin film battery 45. In this 
case, the current is passed through the polymer layer 40 substantially 
parallel with the two defining surfaces 54,55 of the polymer layer 
35 from the first defining surface 54 to the second defining surface 55 
of the polymer layer 40. This is achieved in that one or more elec- 
trode bands 41 and 43, respectively, abut against the first defining 
surface 54 and second defining surface 55, respectively, of the 
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polymer layer 40. When more than one electrode band 41,43 abuts 
against any of the defining surfaces 54,55, the electrode bands are, 
as a rule, separated at each such surface by electrically insulating 
layers 42,44 which extend between mutually adjacent electrodes. The 

5 surfaces 54,55 of the polymer layer 40 are thereby electrically 

insulated between the electrode bands 41,43. The insulating layers 42 
and 44 are provided so as to prevent electron migration transversly 
through the polymer down to the conductive layer of the composite thin 
film battery 45. Instead, the sought-for more horizontally directed 

10 current will be obtained through the polymer, which gives uniform 
heat . 

The thin film battery pack 45 has its positive pole 46 combined with 
the polymer layer 40 so that electric contact exists between the 

15 electrode band or electrode bands 41, respectively, and the positive 
pole layer 46 at the battery pack. The positive pole layer 46 is 
provided with a projecting contact strip 47. As will be apparent from 
Fig. 7b the electrode band or the electrode bands 43, respectively, 
are, via a switch 48, connected to the negative pole 49 of the thin 

20 film battery 45. In order to make possible recharge, there is disposed 
a recharge terminal 50 which, with conductors 51,52 is connected to 
the negative pole 49 and the contact plate 47, respectively, project- 
ing from the positive pole 46. 

25 As material for the polymer layer 40, use is advantageously made in 
this embodiment of an electrically conductive plastic ET-Semicon with 
the type designation CT 6422:70 or CT 6002:70. Application of the 
electrode bands 41,43 is, for example, effected using a technique 
corresponding to that described in the foregoing, for example by 

30 screen printing, gluing or vacuum coating. In order to electrically 

connect the individually electrode bands 43 to one another, preferably 
the whole of the outside of the resistor unit 40 is covered with a 
generally thin electrode layer 53. Also the whole of the inside of the 
polymer material 40 is, in certain embodiments, coated with thin 

35 electrically conductive material. 

In certain practical applications, in the embodiment illustrated in 
Figs. 7a and 7b, a generally thin electrically insulating film of 
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plastic material, for example polyethylene or the like, is fixed, for 
example fused to the surface of the electrically conductive polymer 
layer 40 facing towards the heating unit 19, while in other embodi- 
ments, such film is absent. As a rule, the film of plastic material 

5 covers the entire major surface of the polymer layer 40, in which 
event the positive pole of the battery is electrically connected to 
the electrodes 41 by a separate lead wiring (not shown in the 
figures). In those embodiments in which the composite battery 45 needs 
protection against moisture (water vapour or water) and in which the 

10 film occurs, the film bonded to the heating unit 19 is generally 

joined (e.g. welded or glued) to the protective material which sur- 
rounds other parts of the composite battery 45. In embodiments in 
which the film is absent, moisture protection is obtained in that the 
casing or housing surrounds both the heating unit 19 and the battery 

15 (cf. also Fig. 9 below). Where the film is absent, the above-mentioned 
lead wiring to the positive pole of the battery is not required. In 
both of the embodiments, the heat generation of the polymer increases 
the extractable proportion of the energy power content of the battery. 
Moreover, this embodiment makes it possible for the heat generating 

20 portion of the heating device to be placed in the immediate proximity 
of that body or that space which is to be heated. 

Also in embodiments described in the preceding paragraphs, the aggre- 
gate 33 formed by the heating unit 19 and the thin film battery 45 is 
25 suitable for mass production on a production line for later cutting 
into units, in particular in the embodiment in which the insulating 
plastic layer between the resistor unit and the battery is not 
employed. 

30 Figs. 8-9 illustrate various conceivable embodiments and placements of 
the resistor heating unit 60, the thin film battery 61 and the operat- 
ing unit 62. 

Fig. 8 shows one embodiment in which the polymer layer 60 of the 
35 resistor heating unit 19 and the thin film battery 61 are physically 
interconnected with one another and, in one preferred version, are 
included in a laminate. The operating unit 62 is disposed at a 
separate position and electrically connected by the intermediary of 
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conductors 28,29 with the polymer layer 60 and the negative pole 30 of 
the thin film battery 61, respectively, of the composite unit in which 
the resistor unit 19 and the thin film battery 61 are included. 

5 in the embodiment illustrated in Fig. 8, an electrically insulating 
and water-impermeable plastic material layer 67, e.g. a polythene 
layer, is disposed between the electrically conductive polymer layer 
60 of the heating unit 19 and the battery 61 in order to provide a 
particularly good moisture seal about the battery 61. This plastic 

10 material layer 67 is fused with the water and water vapour-impermeable 
casing 64 which surrounds the remaining portions of the composite 
battery 61. This design corresponds to the design in Figs. 6a and 6b, 
but with the difference that the plastic material layer 67 has been 
applied onto the pole layers 25, before the electrically conductive 

15 polymer layer (or resistor layer) 20 with its conductors 21,22 has 
been mounted in place. As will be apparent from Fig. 8, the contact 
element 24 is connected to the positive pole layer 25. Furthermore, 
the negative pole connection 30 is, via the insulating conductor 29, 
electrically connected to the operating unit 62 which is also 

20 electrically connected to the second connection of the heating unit 19 
and, thereby, the contact element 24 via the conductor 28. This ver- 
sion may advantageously be employed where the requirement on mobility 
is less severe, for example in sole inlays. 

25 Fig. 9 illustrates yet a further embodiment in which the pole layer 65 
of the thin film battery 61 is in directly conductive contact with an 
electrode material layer 66 connected to the electrically conductive 
polymer layer 60 of the heating unit 19. This combination of thin film 
battery 61 and heating unit 69 forms, for example, a laminate and is 

30 illustrated, in this drawing Figure, enclosed in a moisture-proof and 
waterproof casing 64. The operating unit 62 is, in Fig. 9, shown as 
disposed outside the casing 64 and connected with the heating element 
via the conductors 63. 

35 Figs. lOa-c show schematic partial sections of combinations of the 
heating element 1 and thin film batteries 2 designed in accordance 
with that described in the foregoing. The letter A is taken to signify 
thermal energy which is in motion in a direction from the heating 
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element 1 and towards a body or a space which is to be heated. In all 
of Figs. lOa-c, the heating element 1 is disposed between the thin 
film battery 2 and the above-mentioned body or space. The combinations 
illustrated in the figures also include a casing 64 whose one wall 64a 

5 is located on that side of the thin film battery 2 which is turned to 
face away from the body or the space which is to be heated. The other 
wall 64b of the casing is located on the opposite side of the thin 
film battery 2. Both of the walls are closely united with one another 
by means of a closure 70 in the edge region of the thin film battery 

10 2. Both of the walls of 64a, b of the casing are substantially parallel 
with the major surfaces 36,37 of the thin film battery. 

In Figs. lOa-c the heating element 1, the thin film battery 2 and both 
walls 64a, b of the casing are shown as disposed in spaced apart rela- 

15 tionship. In certain practical applications, spacer elements (not 

shown in the figures) are provided for maintaining these spacings, in 
particular embodiments in which the device is to form a mechanically 
rigid unit. In other embodiments, for example when the device is 
included in a garment, the heating element 1, the thin film battery 2 

20 and the walls 64a, b are moveable towards and away from one another 
while being fixed in relation to one another at regular distances. 

Fig. lOd shows a partial magnification of the marked region in Fig. 
10a. It will be apparent from the partial magnification that the wall 
25 64a of the casing is, in the illustrated embodiment, composed of a 

metal foil 68 consisting of one or more layers and a plastic layer 69 
on either side of the metal foil. The metal foil is preferably coated 
with the plastic layers, 

30 Figs. 10a and 10b show embodiments in which the casing 64 in Fig. 10a 
surrounds only the thin film battery 2 and in which the casing 64 in 
Fig. 10b surrounds both the thin film battery 2 and the heating ele- 
ment 1. 

35 Fig. 10c shows one embodiment in which a layer 71 of electrically 
insulating material which, in addition, is impermeable to both 
moisture and water, is disposed between the heating element 1 and the 
thin film battery 2. In addition, the material in the layer 71 is of 
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poor thermal insulation or otherwise expressed, good thermal per- 
meability. The wall 64 of the casing is sealingly connected with the 
layer. 

5 On use of the embodiments described in Figs. lOa-d, the thermal energy 
is reflected by the metal foil 68 back towards the battery 2, whereby 
this receives elevated temperature which, in turn, makes it possible 
for a greater portion of the energy power content of the battery to be 
available to be converted into thermal energy in the heating element 

10 i. 

In the description of Figs. lOa-d, use has been made of the general 
expressions heating element 1 and thin film battery 2. This is hereby 
taken to signify that the element 1,10,20,40,60 and/or the battery 
15 2,12,26,45,61 as required is disposed in accordance with one of the 
alternatives described in the foregoing. 

When the above-described embodiments of thin film battery 2,5,12, 
26,45,61 and the heating unit 19 which, as a rule, include an 

20 electrically insulating polymer material located between the thin film 
battery and the heating unit, are to be produced in the form of long 
bands, the advantage will be attained that the band constitutes an 
intermediate product from which is separated portions or part lengths 
adapted to the requirements of the pertinent practical application. 

25 However, it is obvious that not only the length of the separated part 
is adaptable to the relevant practical application, but also the form 
of that part which is cut off. 

The size of the separated part or the separated portion is adapted in 
30 accordance with the power/energy need which the particular application 
requires. The construction of the present invention entails that it is 
possible beforehand to determine the desired generated output per 
surface unit by dimensioning the battery for a given pole voltage 
(number of partial batteries 5), selecting polymer material with a 
35 certain volume resistivity and/or selecting a certain electrode 

spacing. The layer thickness of the polymer material is also deter- 
minative of the power output per surface unit. There will hereby be 
obtained a predetermined operational time of that device in which 
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the separated part is included, irrespective of the surface area of. 
the separated part. As a rule, the band is provided with a contact 
plate for electric contact between heating unit, thin film battery and 
operating unit, in which event the contact plates abut against the 

5 positive or negative poles of the thin film battery. The separated 
part is thereby simply interconnectable with an operating unit 
27,48,62, e.g. as described above with particular reference to Fig. 9. 
After the cutting operation, the cut portion is generally enclosed in 
an electrically insulating casing which is also water and water vapour 

10 proof. Requisite conductors for, for example, the operating unit and 
battery charger are sealingly lead through the casing. 

In the foregoing description, it is disclosed that the aggregate 33 
(material) includes a number of strata which are disposed adjacent one 

15 another. The expression "disposed adjacent one another" encompasses a 
multiplicity of embodiments, for example that the strata are con- 
tinuously interconnected, that they are di sconti nuously intercon- 
nected, that they are laminated, that they are loosely disposed in 
relation to one another in portions which are followed by sections 

20 where they are interconnected with one another, that they are only 

interconnected with one another at points, that only two layers out of 
three are interconnected with one another within a given area, that 
the layers are interconnected with one another in but the edge regions 
of, for example, a band, that the strata are laid with the major 

25 surfaces facing one another about, for example, a body and are kept in 
place by outer fixing devices, that the strata are compressed in that 
a surrounding protective casing is wholly or partly evacuated of its 
gas content, etc. 

30 In the above description, the term thin film battery has been em- 
ployed. This is taken to signify both rechargeable thin film batteries 
and non-rechargeable batteries (primary batteries). The type of 
battery is adapted to suit the particular practical application in 
which the present invention is employed. 

35 

The description and the accompanying drawings show specific orienta- 
tions of the poles of the thin film batteries. It will be obvious to 
the skilled reader of the specification that the disclosed orienta- 
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tions merely constitute examples of embodiments and that the thin film 
batteries in other embodiments have reverse orientation, entailing 
that the positive and negative poles have changed place. 

5 it will be obvious to the skilled reader that, even if embodiments 
have been described in the foregoing in which the resistor heating 
unit 19 consists solely of an electrically conductive polymer layer 
1,10,20,40,60, the heating unit 19 is provided, in other embodiments, 
with more than one electrically conductive polymer layer. 

10 

In certain practical applications of the present invention, the device 
is designed so as to constitute a rigid and mechanically stable unit, 
for example be designed as a container. In other practical applica- 
tions, the device is designed so as to form a flexible and bendable 
15 unit. Depending upon those requirements placed by the relevant 

practical application, the device includes material which entails that 
the thus formed aggregate 33 is bendable, extendable, elastic, re- 
siliency yieldable, mechanically stable etc. 

20 in the above description, use has occasionally been made of such 

designations as upper, lower, right, left etc. These designations have 
been employed solely to facilitate presentation of the invention. It 
will be obvious to a person skilled in the art that the described 
technique generally permits any optional orientation in space. 

25 

The above-detailed description has referred to but a limited number of 
embodiments of the present invention, but it will be readily perceived 
by a person skilled in the art that the present invention encompasses 
a large number of embodiments without departing from the spirit and 
30 scope of the appended claims. 
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CLAIMS 


1. Electric heating device (34) the device including an electric 
energy source (2,5,12,26,45,61) and a resistor heating unit (19) 
comprising a first material stratum (1,10,20,40,60) consisting of 
or comprising portions of electrically conductive polymer material 
with PTC properties, in which the polymer material with PTC proper- 

5 ties is united with electrode material (11,21,22,41,43) for elec- 

tric connection of said electrically conductive polymer material 
to the energy source (2,5,12,26,45,61) and in which the heating 
device (34) includes a regulator unit (17,27,48.62) for regulating 
the current supply to the resistor heating unit (1,10,20,40,60), 

10 characterized in that the electric energy source 

(2,5,12,26,45,61) is designed as a thin film battery (2,5,12, 
26,45,61); and that at least in the region or regions of the 
electric energy source (2,5,12,26,45,61) or at least in the region 
or regions of the resistor heating unit (19) where the material 

15 stratum (1,10,20,40,60) is disposed adjacent the thin film battery 

(2,5,12,26,45,61) the energy source and the resistor heating unit 
form a composed unit in which the major surfaces of said battery 
(2,5,12,25,45,61) and of said first material stratum (1,10,20, 
40,60) are turned to face towards one another. 

20 

2. The heating device (34) as claimed in claim 1, charac- 
terized in that the one pole layer (25,46,66) of the thin 
film battery (2,5,12,26,45,61) is in direct contact with the 
electrode material applied to the one major surface of the 

25 electrically conductive polymer material of the first material 

stratum (1,10,20,40,60) . 

3. The heating device (34) as claimed in claim 1 or 2, charac- 
terized in that an electrically insulating material layer 

30 (67) is disposed between the one pole layer of the thin film 

battery (61) and the adjacent major surface of the polymer 
material (60) of the first material layer (1). 
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The heating device (34) as claimed in any one of claims 1-3 
characterized in that in the composite unit, at least 
the thin film battery (2 ,5 , 12 ,45 , 61 ) is moisture sealed in 
relation to the surroundings of the battery. 

The heating device (34) as claimed in claim 4, charac- 
terized in that the first stratum (1,10,20,40,60) and the 
thin film battery (26,45,61) are tightly enclosed in a common 
casing (64) which is impermeable to water and water vapour. 

The heating device (34) as claimed in any one of claims 1-5 
characterized in that the electrically conductive 
polymer with PTC properties is a plastic in which an electrically 
conductive filler is distributed as a resistive network or lattice 
work and which, on heating, has the property of expanding under 
progressive reduction of electric current paths through the re- 
sistive network or lattice-work and vice versa, until a stage of 
self-regulated thermal stability is achieved; and/or that the 
electrically conductive polymer is a butyl-inoculated polyethylene 
plastic which has been rendered electrically conductive by ad- 
mixture of carbon black. 

The heating device (34) as claimed in any one of claims 1-6, 
characterized in that the electrically conductive 
polymer has a cast, fixedly glued, screen pressed or vacuum coated 
electrode material (21.22). 

The heating device (34) as claimed in claims 1-7, charac- 
terized in that the electrode material consists wholly or 
partly of metallic material and/or wholly or partly of synthetic 
metal material . 

The heating device (34) as claimed in any one of claims 1-8, 
characterized in that there is provided, in the 
region or regions where the first material stratum (1,10,20,40,60) 
and the thin film battery (2,5,12,26,45,61) form a composite unit, 
a material layer (64a) which reflects thermal energy incoming 
towards the stratum; and that the battery (2,5,12,26,45,61) is 
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disposed between said reflecting stratum (64) and that body or , 
that space which is heated by the device. 

10. The heating device (34) as claimed in any one of the preceding 
5 claims, characterized in that the electric energy 

source and the resistor heating unit are enclosed in a textile 
material . 
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